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(57) Abstract 

A device for monitoring tyre pressure whilst the vehicle is moving can operate with the help of: two complete circular me- 
tallic strips (56, 57) placed on an insulated surface of the internal side of a brake drum (25) or on an insulated surface of the disk 
brake; two metallic strips (58, 59) placed on a non-rotating part of the vehicle forming two complete circular strips (58, 59); a 
pressure gauge sensor (1) and electronic signal generating circuitry (19; 40, 41). The non-rotating strips (58, 59) are placed parallel 
to the rotating strips (56, 57) and very close to them so as to form a pair of air capacitors (56, 58) (57, 59). The electronic circuit 
.(19, 40, 41) produces high frequency alternating voltages which are applied to the plates of the capacitors (56, 58) (57, 59). In case j 
of dangerous tyre pressure the sensor (1) closes the circuit, an alternating current flows and a warning device is activated. The cur- j 
rent thus flowing in the capacitor circuit does not pass through the wheel bearing (34). \ 
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of prooer shape which are placed on the rotating frame of the wnee, ana 
on tne* non-rotating part near the brakes and the axle of the wheel ana 
they form one or two plane capacitors or a combination of plane ana ^cy- 
lindrical capacitors for each wheel. Also a pressure gauge sensor of a 
5 proper farm can be used, so that its flexible membrane can have the ability'' to make displa— 
canaits in an easy vay in case it' cans inccntact with one of the ^ terminals of the 
sensor and closest^ circuit. The pressure gauge sensor :.is of ,-a -simple. ; constru- 
ction made by durable, light and not expensive material and can be appli- 
ed to already existing valves of the wheels. The sensor can be appliea 
10 in a permanent valve which can be added on the back side of the mataluc 
rim of the wheel, especially made for those pressure gauges, in a hia- 
ing place whicn can not be seen by an outside observer. The sensor con- 
sists of one durable resilient rubber or metallic membrane of gooa elas- 
ticity union can be displaced along its as* and toe amplitude of this 
15 displacement depends on- the tyre pressure (conversion ^pressure into 
mechanical displacements of membrane) and therefore the sensor can play 
the role of a switch which, in case of abnormal tyre pressure, connect 
electrically either tne rotating metallic strip witn tne metallic nr_ 
of the wheel or the two rotating metallic strips each other. Acccram- 
20 to the present invention various other sensors could be used which con 
sist of closed curved tubes or cylindrical tubes with very thin walls 
which form foldings of wavy shape like bellows or some special materials 
of wnich their ohmic resistance is varied according "to toe _ a ?-~-"-^ 
air pressure. The special electronic circuit can proauce astern* 
25 voltages of certain characteristics which are applied between the rotating 
and non-rotating matallic strips, so that an alternating current is- . 
flowing in the circuit when the pressure gauge sensor closes tne circuit 
in case of the abnormal tyre pressure. . Then the alternating current can- 
activate a light emittin* diode or a loudspeaker on toe driving contro, 
30 'panel. It is possible, except for the indication of normal ana aonorua. 
tyre pressure, to have also an indication of the continous air pressure 
in the tyres of the vehicle. 

The advantage of this invasion is mainly tne transaissior. ox tne inicr- 
35 nation of abnormal and noraal tyre pressure from toe rotating wnee^s z? 
tne cabinet of tne driver, without using a solid contact ana to-eiore 
to be worn cut because of the friction. Hence the use =f a conducting 
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An indicator of the abnormal and normal pneumatic tyre pressure during 
driving- or stooping of a vehicle. 

The present invention relates to the apparatus for indies. ting zo the dri- 
5 ver the abnormal and normal pneumatic tyre pressure during driving or shop- 
ping of the vehicle • This apparatus consists of a special electronic cir- 
cuit producing alternating voltages of definite frequency shape and am- 
plitude which are applied to a special system of metallic strips placed 
on the rotating frame of the wheel and non-rotating part in a free space 

10 close to the brakes and to the axle of the wheel * These strips are opera- 
ting as air capacitors of the circuit to transfer the signals from the rota- 
ting wheei to the vehicle's control panel, when a special pressure gauge 
sensor closes the circuit. This circuit operates with a battery (accumu- 
lator) which can be connected with the vehicle's battery- This device is 

15 not using a system of solid conducts (carbon brushes), where uhe flow of 
the alternating current from the rotating wheel to the non -rotating parr 
of the vehicle, can take place by using either a capacitive coupling or 
an inductive coupling. This alternating current can also flow by apply- 
ing either alternating high voltage or direct high voltage between two 

20 special electrodes placed on the rotating frame of the wheel and the non- 
rotating part of the vehicle, in a close distance between each other. 

This device can operate as a safety apparatus indicating the dangerous 
limits of the pneumatic tyre pressure and therefore the damage of the ty- 
25 res can be avoided. An USA. patent No 3,930y223 HE. 30.1975 has been awarded to 

to N.F.Tsa^as aid an E.P. Application No 0345 199- 30.3. 89 tes been published for anotner 
type of the present invention. 

Indicators of the pneumatic tyre pressure of various types have been "in- 
30 vented in the past, which have different disadvantages Hks, the use of 
solid conducts (carbon brushes) which were destroyed by zne time, the 
use of small batteries placed on the rotating wheels was a problem for 
cnecking them, the use of pneumatic pressure gauges placed on zne wneels 
as sensors were of big size and expensive and also tne use of a system 
35 whicn was noz working under bad weather conditions. The aim of zne pre- 
sent invention , as it is described, is to gez around and erase all tliese 
disadvantages wnich can be faced by using a number of metallic strips 
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Figures 3a and 3b give another principle of the device operation, where 
tvc rotating metallic strips can form with tw> rm-roiav>r strips eivnsr 
one cylindrical and one plane capacitor or two plane capacitors respecti- 
vely. A main alternating current can flow in the electronic circuit pre- 
5 sented by block diagrams, when a pin of the senscr is contacting any 
one of the two sensor's terminals and nence connecting electrically the 
two rotating metallic strips. The arrangement (setting) of the metallic 
strips, in figures 3a and 3b could be different depending on the free 
space available close to the drum and disk brakes for each type of the 

10 venicie's wheels. 

Figure 4. gives the simple principle of the device operation in block 
diagrams referring to figure 3b. The disadvantage of the appearance of 
the electrical resistances due to the lubricant covering the globules of 
the ball-bearing during the vehicle's motion can be avoided in the last 

15 two cases of operation with two capacitors. This electrical resistance 
appears in the cases referring to figures 1 and 2 where the metallic ; 
strips compose only one capacitor and the signal is transmitted throougr. 
the ball-bearing. 

Figures 5.1, 5.2, 5-3, 5.5, 5-6, 5-7, 5-8, 5-9, 5.10, 5.11, 5.12, 

20 5.13, 5.U,' 5-15, 5-16, 5-17, 5-18, 5-19, give various views of pressure 
gauge sensors. One durable rubber membrane of certair. thickness ana e-&- ■ 
stic properties can close air-tightly a small volume which communicates 
witn the interior of the tyre. The elastic membrane expands or contracts 
proportionally to the air pressure and therefore increasing or decreasing 
25 its curvature, where the sensitivity is depending on the area of the mem- 
brane surface. The rubber membrane can contain internally a thin steel 
wire witn curvatures to strengthen (reinforce) the elasticity of the rub- 
ber. A thii: electrode of good conductivity and special snape is fastened 
. on the surface of the otner side of the membrane. This electrode can be 
30 also connected with the steel wire for strengtnening and conduction with 
one of tne rotating metallic strips. The electrode can be displaced along 
the axis of the pressure gauge sensor according to the pressure ana ir. 
between two otner special electrodes wnica are in an adjustable distance. 
These electrodes can be connected to the metallic rim of tne wneel ir. 
35 the case of using only one capacitor of the mataliic strips. _t is pos- 
sible f cr tne rubber membrane to be substituted by a metallic sembrane 

klso curved metallic tubes pre perl/ snapec 
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systera, as carbon brushes which must be substituted quite often, is 
avoided. The pressure gauge sensor and the circuit are simple and not cos 
tly. The vehicle's battery can be used for the operation of the circuit. 
From the above it is obvious that the present invencion has many advanta- 
5 ges. 

A way of application of this invention is described below referring to 
the figures which accompany and explain it with clarity and technical de- 
tail so it can be uxlerstocd and also any mis unde standing can be avoided. 

10 Figure 1 is one* view of a part of the device and a view of a part 
of the wheel and a part of the vehicle where a part of the device is pla- 
ced. According to the invention the device consists of a system of metal- 
lic strips which are placed in a special way in a free space close to 
the brakes and to the rotating axle of the wheel, of a pressure gauge sen 

15 sor and of an electronic circuit. The rotating metallic strip can cover 
the round edge of a circular disk made by insulating material which is 
fastened on the metallic disc base of the axis of rotation, where the bra 
ke drum or brake disc and the metallic rim of the wheel are fastened. Tne 
non-rotating metallic strip, which surrounds circumferentially the first 

20 strip is placed in the interior of a cavity of another insulating materi- 
al which surrounds the first insulating material. The cavity has a shape 
of annular canal. The two strips are very close without making contact 
with each other and they form a combination of a cylindrical and two pla- 
ne capacitors. The third metallic strip surrounds circumferentially tne 

25 second strip and it is the shielding of the second strip to avoid parasi- 
tic current. The electronic circuit is an oscillator with a current amli- 
fier.siri a -voltj^e' "transformer which can produce alternating voltages of 
definite form and frequency which are applied to the first and second raeta 
lie strip, so that an alternating electric current can flow when the sens 

30 closes tne circuit. 

Figure 2 gives the general principle of the device operation in block 
diagrams for the electronic circuit. A part cf the annulus of the third 
metallic strip is also shown in this figure by the broken lines. The an- 
nul i of tne first and second strip are not snown in figure 2. Figure 2 

35 also shows the way of connection of the first metallic strip witn the 
circuit througn the sensor which is eartned .witn tne metallic rim of tne 
wneei and now the third and second metallic strip are ccnr.ectred tnrougr. 
a coaxial cable. 



WO 92/13730 



PCT/GR92/00001 

-6- 



matic:s?re pressure during driving or stopping of a vetiicis, wnere this ^ 
apparatus basically consists of a pressure sensor (1), a syster. cf metallic 
strips (2,3,4)c*50,51,52,53)or(56,57,58,59) , high frequency osciillators 
with or without a frequsxy divider producing - pulses ( 19) , a current amplifier 
5 (42) , a transformer or an amplifier and properly tuned filters including 
a high-Q notch filter(41) which permits the fundamental frequency of tne 
pulse train to pass in order to convert the square train to a sinusoidal 
waveform, a half wave rectifier and a voltage comparator (40) which con- 
verts tne sinusoidal signal to the D.C. level and the comparator gives 
10 an output of square train whenever the input signal falls below, a certain 
level which is determined by a trimmer, an indicator like a LED(5) for each 
wneel or loudspeaker (11) or a microamperometer (8), two variable power 
resistors (9,21) a power resistor (12), cables(7,6) a shielding (13; and 
an isolated conductor (22) which absorbs parasitic current. 

15 

According to the present invention the apparatus can indicate the unsafe 
limits of the tyre pressure via a light (5) or an audio signal'"; using- a diffe- 
rent voltage comparator circuit (105,106,107). The pressure gauge sensor 
(1) which works as -a circuit's switch can connect electrically either,. 

20 the metallic strip (2) with the ground (10) that is the metallic frame of 
tne wheei(24) or it can connect also electrically the twc rotating taetai- 
lic strips (56,57). The metallic frame of the wheel is connected electri- 
cally witn the metallic frame of the vehicle- through tne ballbearing and 
axle of rotation (34,30). The metallic strip(2) whicn is a circular annu- 

25 lus with a cross section of shape Wis applied circumferentially on tne 
insulating disc (29) which is fastened by the screws (32) on the metallic 
disk cf the axle (30) where the drum or disp brake (25) and the metallic 
frame of the wheel (24) are fixed. The centre of the disc(29) coincides 
witn the axle of rotation (30) of the wheel. The metallic striu (2) must 

30 cover enougn area of "the disc (29) so as to give sufficient capacitance 
of the capacitor (2,3)- The non-rotating metallic strip (3), vnics sur- 
rounds tne metallic strip (2) circumferentially, is mounted inside tne 
«n« snaped annular channel of an insulating circular annuius (28) which, 
is fastened on the base (33). The metallic strips (2,3) fore a capacitor 

35 whicn is a combination of a cylindrical and two plane capacitors. The 
metallic strips (2) and (3) must not make contact between eacn otner 
and tneir distance between tneei must be very small sz that tne capac.- 
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which have closed one of their ends and cylindrical tubes witr. very thin 
walls whicn forz. foldings of wavy shape like bellows can be used to devi- 
ce pressure gauge sensors. The elastic properties of a compressed gas wnicn 
is contained ir. a little chamber can be also used for making pressure gau- 
5 ge sensors. The displacements of a small piston (with a flange on its pe- 
rimeter pressed by a spring circumf erentially all the way out) which is ba- 
lanced by air pressure on one side and by a spring frame on the other side 
can be used as a pressure gauge sensor. 

Finally some special materials of which their ohmic resistance varies accor- 
10 ding to the applied air pressure could be used as the base for making pres- 
sure gauge sensors. 

Figure 6 gives various waveforms of the alternating voltages which are applied 
between the rotating and non-rotating strips which form the plates of the ca- 
pacitors. It is important to use the proper frequency, amplitude..', and wave- 

15 form of the alternating voltage in order to minimize the parasitic current. 
A way to eliminate the unwanted signals is to apply high frequency alternating 
voltages of differed characteristics to the rrnrotating strips and use bands top filters. 
Figure 7 gives a part of the electronic circuit of figure 1 in which a vol- 
tage comparator has been added in order to stop the parasitic currents to 

20 activate the LED of the circuit. Referring to the circuits of figures 3 and 
L a comparator can be used, after the high -Q notch filter and the stage 
of a half way rectifier which gives an output of square train whenever the 
input signal is falling below a certain level which is determined by one 
trimmer . 

25 Figure 8 gives another arrangement ' of the invention where the metallic 
strips have been substituted by an electrode pin and one metallic annulus. 
In this case the capacity coupling has been substituted by a coupling 
which is performed by electric discharges between the electrode pin and the 
metallic annulus when a high voltage is applied. 

30 Figure 9 shows the cross sections which can have the metallic annulus of 
figure 8. These cross sections can be: circular, triangular, rectangular and 
a combination of the above cross sections. 

Figure 10 shows an arrangement which can be used to control more than one 
wheels. This can be achieved by the use of circuits of the previous figures 
35 and one sampler apparatus. 

In the above figures it is shown an apparatus capable to indicate via a lignt 
or audio signal inside tne driving cabinet the unsafe lir.its cf the pneu~a- 
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A dlirer^iL vsy to solve the problem of trie ball bearing resistance is to 
divide the metallic strip (2) into two strips, one with a cylindrical 
shaoe (50) and another with a plane annular shape ( 5 < ; - The strip (5) 
is also dividsd into two similar strips (52) and (53) which together 
5 with the above strips (50) and (51 ) respectively can form two capacitors 
a cylindrical capacitor (50,52) and a plane one (51,53). The area and 
the position of these strips are chosen properly to have sufficient 
capacitance and minimize the parasitic. current. 

Arother acHitiaiil way similar to the above to solve the probierr. of 
10 the bail bearing resistance is to divide the strip (2) into two con- 
centric plane annular strips (56) and (57). The strip (3) is also di- 
vided into two concentric plane annular strips (58) and (59) which can 
form two plane capacitors (56,58) and (57,59) with the strips (5c) and 
(57). In order to reduce the parasitic capacitance of the above capaci- 

15 tors a proper area and position of the above strips (56,58,57,59) must 
be chosen. The strips must not be very close to the metallic parts of i 
the wheel, tne distance between the plates of the. capacitors must be as 
small as possible and the area of tne plates must be as larger as possible. 
For example the strips (56,57) and (58,59) are based on thick insulating 

20 layers with small dielectric constant (123) and (124.) which are fixed. on 
the brake drum (25 /-and cn the non rotating base (125) respectively. 
According to the present invention when the air pressure in one of the 
tyres exceeds the safety limits then the sensor (1) which cperat.es as 
an electric switch connects electrically the strip (50) with the strip 

25 (51) or the strip (56) with the strip (57) and alternating current flows 
in the circuit (53,51 ,54, 1 ,55,50,52,40,4-1 ,19,20) which activates the stage 
(4.0) so as to give light or sound. The stage (4-0) can or can not have 
arrangement with the circuit of the comparator (105,106,107). A transfor- 
mer (41 ) which is not necessary can increase the alternating voltage of 

30 the oscillator (19) . Proper waveforms, frequencies and amplitudes ;aust be fcuxL 
in order to avoid parasitic capacitances. The gap between the capaci- 
tors (52,50) and (51,53) or between (58,56) and (57,59) must be longer 
than the distance between the capacitors 'plates. The capacitance of the 
capacitors (50,52) and (51,53) or (56,58) and (57,59) can obtain two dixV 

35 ferent values which depend on the position of the switch senscr (1) if 
it is open or closed. The system of metallic strips is used as a timing 
capacitor in an oscillator (first stage of the circuit) whicn car. produce 
a proper frequency in eacn case (cn-off/. The hign frequency oscillator 
and tne frequency divider (19/ produce square train writer, can pass 
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tance can be sufficiently bigger than the parasitic capacitances. The 
third metallic stripU) surrounds wits a larger area tne second metallic 
stric (3) circumferentially and in between them a thin layer of insula- 
ting material is inserted. The strip (4) constitutes the shielding of 
3 the strip (3) for minimizing the parasitic capacitances during the nor- 
mal tyre pressure when tne sensor does not close the circuit to connect 
the strip (2) with the rim (24) or to connect the strips (56) and (57) 
electrically. The connection wires are very thin and covered by insula- 
ting material of very low dielectric constant. The centre wire (7) of 
10 a coaxial cable (7,6) connects the strip(3) and the L2D(5) whicn is con- 
nected in parallel with the resistor (12) and in series with a loudspea- 
ker (11), a digital or analog indicator (8), a variable power resistor 
(9) and with the one end of the secondary coil (14) of the high frequen- 
cy and hign voltage transformer (13,15,16). The indicators (8) and (11) 
15 are not necessary while the LED(5) can be driven by the comparator (106). 
The metallic strip "(4), the conductor(6) and the thin metallic surface 
(13) constitute the shielding of all surrounded by them parts of the ap- 
paratus, for reducing tne currents due to the parasitic capacitances. The 
isolated conductor (22) absorbs a big persentage of the parasitic currents 
20 which depends on the variable resistance (21) and the size of the conduc- 
tor (22). In order to reduce the parasitic capacitances furthermore, all 
parts of the apparatus must not be close to the metallic frame of the ve- 
hicle. The coils (14,16) must not be close tc eacn otner. Tne core cf tne 
transformer (15) is a ferrite of special permeability. The otner end ci the 
25 coil (U) can be connected with the ground througr: a diode or a resistor 
or a capacitor. 

The transformer (14, 15,1 6) can be substituted by a set of properly tuned 
filters (41) including a high-w notcr. filter in order tc convert the squa- 
re train to a sinusoidal wave form. 

30 

Between the rin of the wheel and the chassis of the venicle there is an 
electric resistance due to the lubricant in the ball bearings (34) and this 
resistance obtains high values during tne motion wnicn can be counterbalan- 
ced automatically by the variable resistance (9). Another way to solve the 
35 problem is the automatic increase of the alternating voltage and frequency 
produced by the oscillator (19) A curent flows in the circuit (1,3,2,7,5,9,14, 
10) when tn* sensor(1) closes this circuit and this current depends on the 
cacacitance between the metallic strips . 
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controlled continuously many times per minute. 

tfternativelv a seoarate independed circuit for each tyre car. be .used zc 
-educe uarasitic currents. Each one of these independed circuits car. oe 
Dlaced in a non-rotating position near to each wheel for reducing para- 
5 sitic currents. All the cables must be not close to tie metallic irase 
' of the vehicle and must be covered by a thick insulating material witn ve 
ry low dielectric constant so that their capacitance with the chassis to 
be as small as possible. Any one of the independed circuits, when is act 
yated, produces a signal which can be transferee to the 
10 veldcl-'s control panel through cables to activate its own correspon- 
ded LED. The signals can be amplified if there is a significant drop of 
voltage due to the distance, of the wheels and the above independed circu 
its lia. the vehicle's control panel where all the corresponded indicatir. 
Lieht Emission Diodes are positioned. 

15 There is a range of high frequency (kHz^MKz) where the parasitic current 
arc- reduced significantly and this is due possibly to some characteris- 
tics of tto surrounding metallic frame of the wheel which can net folic: 
t.ie fast changes of high frequency oscillations. 

An additional way to reduce the parasitic capacitance and increase the 
20 main current which flows through the capacitors (59.57) and (58,56) .wnefi 
the pressure gauge sensor (1). closes the circuit (5c,55,",5i,57; , is zz 
apnlv to the striae (58), (59). two different or same high frequency ,khz 
MHz) oscillations (126), (127) with common earth and different or same 
voltage. Two separate oscillations with common *arth can also oe produ- 
25 ced by (19) and compared by (40) so that the oscillation (126) which is 
applied to the strip (58) can be of a different or same high frequency 
( kHz -v MHz) of different or same waveform and of different or same ampli- 
tude than the oscillation (127) which is applied to the strip (59). The 
separation gao between the strips (58) and (59) must be long enougn for 
30 reducing the parasitic capacity coupling between these strips. The gap 
between the strips (56) and (57) must also be large. The insulating ma- 
terials (123) and (124) which are the base of the strips (58, 59, 5c, 57; 
must have very small dielectric constant and sufficient thickness so 
that these strips must be in a long distance from the adjacent metallic 
55 frame. 
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an amplifier and properly turned filters including a high -Q notch filter 
(.11 ) which permits the fundamental frequency of the train to pass in order 
to convert the square train to a sinusoidal wave form. The filter is desig- 
ned in such a way so that one of the two frequencies falls in trie gap of 
5 the notch filter while the second frequency falls outside- The result is 
in the output of the filter that a necessary distinction (discrimination) 
between the two frequencies takes place since the first frequency which 
falls in the gap, passes with very high attenuation. The next stages UD) is a 
half wave rectifier, a voltage comparator and a monos table multivibrator 

10 in which the -rectifier converts the sinusoidal signal to the D.C. 
level, the comparator gives an output of square train whenever the input 
signal falls below a certain level determined by a trimmer and the monos- 
table multivibrator increases the amplitude of the pulses train of the com- 
parator output. This multivator is implemented by using a proper timing 

15 circuit and its output drives an indicating LED. 

According to the present invention the capacity coupling can be substitu- 
ted by another coupling which is an induction coupling or an electric dis- 
charge coupling. 

20 In the case of induction coupling the metallic strips (2,3) or (50,51,52, 
53) or (56,57,58,59) are substituted by one couple or more couples of 
coils. A higher current flows in the circuit when the rotating coil makes 
contact with the chassis of tne vehicle through the pressure gauge sensor, 
the rim and the axle of the wheel. 

25 In the case of electric discharge coupling the metallic strips (3,2) are 
substituted by an electrode pin (111) and an electrode metallic annulus 
(112) or by reverse way. A current can flow in the circuit only in the ■ 
case of abnormal pressure in which the metallic annulus (112) is earthed 
to the chassis and there is an electric discharge between the electrodes 

30 (111,112) due to tne applied voltage. The flowing current in the circuit 
can activate a light or audio indicator. In the above cases the rest of 
the operation of the electric circuit is tne same as in tne case of tne 
capacity coupling. 

35 In order to control more than one wheels by only one oscillator and one 
amplifier, a sampling frequency regulator (122) and a sampler apparatus 
(121) car. be used so that all the wneels one after tne otner can be 
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according to tne applied air press-are, therefore tne ^current ^ie^i_ows 
tferougn the system of capacitors (2,3; or (53, 5^ ,50,52/ or be, ; . , ;r, 
is converted acccrdin 5 to tne tyre pressure and finally obtains a conti- 
nuous indication of the tyre pressure by a properly calibrated instrument 

2 The device for indicating to the driver of a vehicle the abnorniai and 

^■ BBB lic^i~^«^* s W rfte vehicie aCC f7" 
ing to claim 1, is characterized by a system of metallic strips U,3, 

10 which are placed in a special way in the free space close to the brakes 
and the rotation axle of the wheel. The metallic strip (2) which is a cir- 
cular annulus with a cross section of shape »H« can cover the rcuna eage 
of tne insulating disc (29) circumferentially which is fastenea by tne 
screws (32) on the metallic disc base of the axle of rotation (30/ where 

15 the drum or disc brake (25) and the metallic frame of the wheel (21) 
are fixed, so that the centre of the disc (29) coincides with the axie 
of rotation (30) of the wheel. The cylindrical annulus of the strip U;' 
which is the middle line of «n» covers the total thickness of tne e;:tsr- 
nai circumference of the annulus (29) and the height of the cylinaricax. 

20 annulus is equal to the thickness of the insulating dis* U9^Tfee ctner 

m c — ^ (2) wr^ch are the two paral-ie. lines 

tvc circular annul i Oj. tnt SwiJ Wi — ^ 

of »n« can cover the two annular sides of the insulating disc (29) cir- 
cumferentially in such an area so as to give sufficient capcitar.ee tc 
the canacitor which is formed by the metallic strips (2,^ . Tnese two 
2* circular annuli of strip(2) are not always nessecary if the capacitance 
which is achieved by tne cylindrical annulus of the middle line of , nas 
a sufficient area so as to give the required main current m tne cir- 
cuit. Also a sufficient capacitance could be achieved by ub^i* only 
the two or one of tne extreme parallel lines of "ft" of the strip (2;. 
30 The novating metallic strip (3) whicn surrounds tne metallic annv- 
n of tne first strio (2) circumferentially is applied on tr.e interna, 
side of an annular cnannei. made on the smaller radius cirousieraace c. 
tne insulating circular annulus (28) whicn is fastened on tne ncn rota- 
ting base (33) by tne screws (27). Inside tnis cnannei v2bi wr.icn ..s 
3 < o- rectangular snape "II" enters the bigger radius circumference cz 
tne insulating circular annulus (29) of rectangular snap ^ "^^T^" 
- ^^-^w^'* / viin tne cnannei -i ~r.e ir;:=_- ~ --x..^---- 
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CLAIMS 

1 . A device for indicating to the driver of a venicle tne abnormal and nor- 
mal pneumatic tyre pressure during driving or stopping cf the venicle con- 
sists of a special system of metallic strips (2,3, 4; or (50, 52, ?1 , 53) or 
(56,53,57,59) placed on the rotating frame of the wheel and on the ncn. -rotating 
5 part in a free space close to the brakes and to the axle of the wneei for- 
ming either a capacitor (2,3) which is a combination of a cylindrical capa- 
citor and two plane capacitors of cross section "IT 1 or two capacitors eit- 
her one cylindrical (50,52) and one plane capacitor (51,53) of cross section. 
"T" or two plane capacitors (56,58) and (57,59), of an oscillator and a 

10 frequency divider (19), of an amplifier (12), of a set of properly tuned fil- 
ter (41; or a transformer witu ferrite core of special permeability 
(15), cf an isolated conductror (22) big enough to absorb tne alternating 
current due to the parasitic capacitances, of a LED (5), a loudspeaker (11; 
an analog or digital microamperometer (8) which can be activated by a cir- 
.15 cuit of two variable resistors(105,107) and a comparator ( 106) , of a vari- 
able resistor(9) to counterbalance the electric resistance due to tne lub- 
ricant of the ballbearing which is increased during the rotation of the 
wheel, of a variable resistance (21) to minimize tne current due to parasi- 
tic capacitance so that the LSD (5) shouldn't be activated by the parasitic 

20 current but only by the main current, of a shielding system (4**6, 13 ) to 
minimise the parasitic capacitances, of a system of three stages as a half 
wave rectifier, a voltage ccnpratar and a mcnostabie nultivitrator {10) or two hign frequ- 
ency (kHz^Ez) oscillator (19) with camcri earth^caifaratars (40) and finally the appara- 
tus consists of a pressure gauge sensor (1 ) to convert the variations of the type air pres- 

25 sure into displacements of an elastic nnnbrane or two rubber surfaces containing a curved' ste- 
el wire in a sandwitch and also other pressure gauge sensors can use curbed metallic 
tubes of different shape whicn are closed at one of their ends cr cylin- 
drical tubes witn thin folding walls cf wavy shape like bellows and addi- 
tionally tne elastic properties cf a spring cr a special gas closed by a 

30 membrane in a-snuill cnamber can be uoed as pressure gauge sensor j and even- 
tually in all the above cases the result is the displacement of a pin 
electrode to connect electrically either tne strip (2) cf tne capacitor 
(2,3) witn the metallic rin* of tne wheel or the strips (5C, 51 ) cf the 
capacitors (50,52) a:r: (51,53) or the strips (56,57; of tne .capacitor c 
33 (55,36; and '59,57; and it is still possible to use some special mate- 
rials for pressure gaugi; sensors of wnicn tneir onrcic assistance varies 
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senscr (1) which works as a switch closes the circuit and this current 
depends on the capacitance between the metallic strips (2,3). 

3. The device for indicating to the driver of a vehicle the abnormal and 
5 normal pneumatic tyre pressure during driving or stopping of the vehicle 
according to the claims 1 and 2 is characterized by the metallic strip 
(2) which can be divided into two metallic strips, one in a cylindrical 
shape (50) and another of a plane annular shape (51). The strip (3) is 
also divided into two similar strips (52) and (53) which together with tne 
10 above strips (50) and (51) respectively can form two capacitors as a cy- 
lindrical capacitor (50,52) and a plane one (51,53). 

An ^alternating way is to divide strip (2) into two concentric plane annular 
strips (56) and (57). The strip (3) is also divided into two similar concen- 
tric plane annular strips (58) and (59) which can form two plane capacitors 

15 (56,58) and (57,59) with the strips (56) and (57) respectively. 

In order to reduce the parasitic capacitances of the above capacitors, a 
suitable area of the strips (50,52,51,53) or (56,58,57,59), must be found. 
Also the separation distance between the capacitors (5c,58j and (57,59) 
or (50,52) and (51,53) and their position in the available empty space 

20 close to the brakes must be properly chosen so that a parasitic capaci- 
tive coupling between each other and the adjacent metallic parts cf the ve- 
hicle could be minimized. Therefore the strips should not be very close 
to the adjacent metallic parts of the wneel, the distance between tne pla- 
tes of the capacitors must be as small as possible, tne area of the plates 

25 must be as large as possible and the separation gap ^between the ca- 
pacitors must not be very small. 

According to the present invention, when the air tyre pressure exceeds 
the safety limits then the sensor (1) which operates as an electric 
switch connects strip (56) with strip (57) electrically so that an alter- 

30 rating current flows in the circuit (58,56,1,57,59,4.0,41,19,20) wnich car. 
activate a light or sound indicator. The capacitance of the capacitors (5c, 
58) and (57,59) can take two different values wnich depend on the switcr. 
pressure gauge sensor (1) if it is open or closed. The system of metallic 
strips is used as a timing capacitor in an oscillator vfcica can produce a 

35 suitable frequency in each case (on-off). The higr. frequency oscillator 
and the frequency divider (19) produce square wair. wr.isn passes froa tr.e 
stages (a ) consisting cf an amplifier and properly tuned filters ir.clu- 



ding a hign-Q notch filter.^ -filter parni^ the fundamental ire< 
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nation of a cylindrical and two plane capacitors. The metallic series (2, 
and (3 J roust not make ccntuct between each other but their distance in 
between them must be small and their common area must be sufficiently lar- 
ge in order to giv~ a capacitance which is sufficiently bitter tnan tne 
5 paracitic capacitances so that the alternating current wnich flows in tne 
circuit (10,3,2,7,5,1^,10) can activate tne LED( 5 ) or tne electric circu- 
it (105,106,107) which activates the LED (5) and the loudspeaker (11). 
The shape, the size and the position of the metallic strips (2,3) and 
their distance in between them are specified according to the available 

10 free space close to the brakes and to the axle of tne wheel and they vary 
according to the size of the wheels and also to the type of the brake sys- 
tem used. The above description shows the 1 way to achieve tne best 
exploitation of tne available space so tnat the capacitance of tne syste-.. 
(2,3) can obtain the maximum value and at the same time can have t:yi mini- 

15 'mum parasitic capacitances which are due to the capacitive coupling between 
the metallic strips (2,3) and the adjacent metallic frame of the wheel brake 
system and axle of the wheel. Dielectric materials of special composition 
and high dielectric constant can be inserted in between the strips (2,3; 
to increase their capacitance. The alternating current flows from the rota- 

20 tinfe wheel to the non-rotating part of the vehicle through the ball-bear- 
ing and the axle of the wheel rotation. In the case of the disc braize only 
one circular metallic strip (2) can be used on the rotating part and 
another one circular metallic strip on the non-rotating part to for::, 
a circular annular plate capacitor (2,3). The non-rotating metallic strip 

25 (3) could also be a part of the complete circular strip. The material (29) in- 
serted in between the strip (2) and the metallic frame of the wheel is of 
sufficient thickness and low dielectric constant. The material (28) inserted in 
between the metallic strip (3) and the adjacent non-rotating part of the 
vehicle must also be of the sarre characteristics An electric resistance 

30 due to the lubricant in the ball-bearings (34J obtains hi^n values during 
the rotation of the wneel, which can be counterbalanced automatically by 
the variable resistance (9) and the automatic variation of the alternating 
voltage, frequency and waveform produced by the oscillator (19)- The para- 
sitic currents could be minimized by a suitable shielding and an automati- 

35 cal regulation of the variable resistor (9) which during the motion of the 
vehicle must take small values when the light of LED (5) begins to dim. An 
automatical regulation of the resistor (9) can be implemented by a feed back 
electronic circuit which will" control the current intensity flowing through 
tne circuit. A current flows in the circuit (1 ,3,2,~,5, ?, 1_,1C ; wnen tne 
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ced by (19) and compared by U0) so that the oscillation (126) which is 
allied to the strip (58) can be of a different or same high frequency 
(kKz~- KHz) of different or same waveform and of different or same ampli- 
tude than the oscillation (127) which is applied to' the strip (59). The 
5 separation gap between the strips (58) and (59) must be long enough for 
reducing the parasitic capacity coupling between these strips. The gap 
between the strips (56) and <57) must also be large. The insulating ma- 
terials (123) and (124) which are the base of the strips (58,59,56,57) 
must have very small dielectric constant and sufficient thickness so 
10 that these strips must be in a long distance from the adjacent metallic 
frame . 

, . ^-.^of-,^- to the driver of a vehicle tae abnormal ana 

4. ^ne device for maicatuife to Tine u_j-v~. 

normal pneumatic tyre pressure durin = driving or stcp^ of tr.c- vemcxe 
15 according to claims 1,2 and 3 is characterised by a tnird meta_iic 

U) wnich is isolated from the metallic strip (3) by a tmu layer c. in ^ 
. sulatins material to minimize the parasitic currents flowing in tne cirsu.. 
i the switcn sensor is not closed. The strius (51, 5C or -.^i^ =- ^< 



20 



25 



when 



WllBXi. Olio ™ - / - - •. . . ^ „ 

are connected to the sensor (1) by a very thin conductor U>, wmc. -o- 

vered by a thick insulating xayer ui -a s ' c — . 

The centre! conductor (7) of the coaxial cable (7,6) connects the s.rxp 



a va- 



(3) and the L2D(5) which is connected in parallel to resi^r 
in series to loud speaker (11), a digits! or analog indicator (£;, 
riahie power resistor (9) and to one end of the secondary coil (U) of a 
high alternating voltage transformer (U,15,16). The LED (5) can also be 
activated by using the electronic circuit of comparator (106). Tne indi- 
cators (8 J and (11) are not necessary.. Attention must be paid to the coil 
windin b so as to limit tne hign number of turns whicn must not be very 
close to eaca other to avoid an electrical breakdown on tne insulating 
30 material covering tne wire. Tne external conductor (6; connects the strz- 
iCj to the same end of tne coil (U) whicn is connected to the resistor 
(9; . The strip U) can also be connected witn a middle point of the cci_ 
(U) union is different tnan the final turn that is connected to tne re- 
sistors (9,21). The central conductor (7) and tne strip (3) are snielded 
by conductor (6) and strip U) to reduce parasitic current (noise). Tne 
system of electrostatic snielding (13), which is a win metallic surfacs, 
can s nie Id all tne sections '5,3,9,* 1,12; surrcur.ae- =y tr.is syster:. -- 
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train to pass in order to convert tne square train to a sinusoidal wave 
for-. The filter is designed in such way so that one of the twz frequen- 
cies fails outside the gap of the notch filter, vniie the second one wnich 
falls in the gap, passes with very high attenuation. The next three 
5 stages (4-0) consist of a half wave rectifier which converts the sinusoi- 
dal signal to the D.C. level, of a voltage comparator that gives an out- 
put of square train whenever the input signal falls below a certain level 
determined by a trimmer and of a monostable multivibrator which increa- 
ses the amplitude of the pulses train of the comparator output by using 

10 a proper timing circuit and its output drives a LED. In the above circuit 
using the two capacitors the alternating current does not flow through 
the ball bearing and the axle of the rotating wheel where there is an el- 
ectrical resistance due to the lubricant in the ball bearing. In the ca- 
se of a disc brake tne metallic strips ( 5o) and (57) are placed on tne 

15 disc or on the metallic rim of the wheel in the available free space clo- 
se to the brakes where an insulating material of low dielectric constant 
is inserted between the strips and the metallic brake disk or rim of the 
wheel.. The non-rotating strips (58,59) sometimes are not complete circles 
but they can be a part of circles and they are placed very close to the 

20 strips (56,57) on a steady part of the chassis which is isolated by a -ma- 
terial of small dielectric constant. 

According to the characteristics of the system, that is main and parasitic 
capacities, type of cables and type of shielding, tne range of frequencies 
depends on the operation alternating voltage, whicn can be frpn, 20V AC to 
25 1000 V AC and the frequencies from 10kHz to 3 MKz. The above ranges can 
be enlarged whenever it is necessary to achieve a sufficient operation of 
tne device. 

There is a range of high frequency (kHz^MKz ) where the parasitic currents 
30 are reduced significantly and this is due possibly to some characteris- 
tics of tho surrounding metallic frame of the wheel which can not folic:-; 
tiie fast changes of high frequency oscillations . 

An additional way to reduce the parasitic capacitance and increase the 
main current which flows through the. capacitors (59,57) and (53, 5c) , when 
35 'the pressure gauge sensor (1) closes the circuit (56,55,1,5^,57;, is to 
apply to tne strips (58), (59) two different or same high frequency (kHz--- 
KHz ) oscillations (126), (127) with common earth and different cr same 
voltage. Two secarate oscillations with common ^artr. can also "ce prcdu- 
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that is, it consists of one pressure gauge sensor (1), a contact system, 
an electric bulb and the vehicle's accumulator. The contact system con- 
sists of an electrically isolated metallic ring, which is placed on tne 
wheel's rim or on the rubber of the tyre and of the substance which is con- 
5 tinuously in contact with the metallic ring making electrical conduct be- 
tween the rotating ring and non-rotating substance. The metallic ring is 
connected electrically, through the sensor, to the rim of the wheel which 
is connected to the chassis of the vehicle through the wheel's rotation 
axle. The vehicle ' s metallic chassis is connected with the negative eiec- 
10 trode of the accumulator while the positive electrode is connected through 
the electric bulb to the substance which makes contact to the metallic 



ring. 

6. The device for indicating to the driver of a vehicle tne abnormal and 
15 normal pneumatic tyre pressure during driving or stopping of the vehicle 
according to the claims 1,2,3,4 and 5 is characterised by various pressur 
gauge sensors which are based on different operation principles as the el- 
astic properties of a durable rubber membrane of certain thickness (61 ; 
containing internally a curved steel thin wire (60) in sandwitch and the 

20 membrane (61) closes air-tightly a volume (66) which communicates witri 
the interior of the tyre (69). The curvature of the membrane f6D increase 
or decreases proportionally to the air pressure and the sensitivity depend 
on the area of the membrane surface. A thin electrode (63) of good con- 
ductivity and special shape is fastened on the other side of the membrane. 
25 The electrode (63) can be also connected with the steel wire (60 ) . The 
electrode (63) can be displaced along- the axis of the sensor proportion 
nally to the air pressure and in between two other special electrodes of 
good conductivity (65,64) which are in an adjustable distance and are con- 
nected either to the metallic rim (24,10) or to the strips (56,57) or (51 
30 52) respectivelly so that in case of abnormal air pressure the electrode 
(63) makes a contact with one of the two electrodes (65,64) and connects 
electrically either the strip (2) with tne metallic rim (2a) or strip 
(56) with strip (57) or strip (51 ) with strip (52). Curved metallic tu- 
bes properly shaped which have closed one of their ends and cylindrical 
35 tubes with very thin walls whicn form foldings of ,v;avy snaps as bellows 
can also be used to device" pressure gauge sensors. The elastic proper- 
ties of a compressed gas, whicn is contained in a little vciuse '7c, 
^ ^ Wcrane (90 , could be used tc device pressure gsure 
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reduce parasitica currents. The insulatin^ conductor (2*i) absorbs a hi b r. 
percentage of parasitic current which depends en tne value of variable 
resistor (21 ) and on the size of the conductor (22). Tne current due to 
the parasitic caijacitance in tne wheel is reduced proportional!/ to tne 
5 distance of the sLrip (2), the v;ire (35) and the metallic sections 
of the sensor (1) fran section of the wheel's metallic frame. The stripU) pOays also a signi- 
ficant role vhich has a larger area than the strips (3) and (2) and covers them fror, 
the back side. The capacitors (58,56), (59,57), (50,52), (53,51 ) and 
(2,3) are shielded by the use of a metallic strip vnich is placed in a 
10 small distance behind the strips (3) or (52,53) or (52,59). The distan- 
ce between the coils (U) and (16) should be sufficiently enough. Tne 
care (15) is a ferrite of special perambility to follow the high frequency oscillation 
Tie end of the (14] can also te expected with the grouni (10) through a dicrie or a resistor 
or a capacitor. The transformer (U,15,16) or U1 ) and the amplifier (10, 
15 16,17,18) or U2) are not necessary if the oscillator (19) is sufficiently 
powerf ull . 

In order to control more than one wheels by only one oscillator and one 
amplifier, a saEpli-n b - frequency regulator (122) and a sampler apparatus 
20 (121) can be used so that all the wheels one after the other can be 
controlled continuously many times per minute. 

Alternatively a separate independed circuit for each tyre can be.iused to 
reduce parasitic currents. Each one of these independed circuits can be 
placed in a non-rotating position near to each wheel so that to reduce 

25 sitic currents. All the cables must be not close to the metallic frame 

of the vehicle and must be covered by a thick insulating material with ve- 
ry low dielectric constant so that their capacitance with the chassis to 
be as small as possible. Any one of the independed circuits, when is acti- 
vated, produces a signal which can be * transfered to the 

3C vehicle's control panel through cables to activate its own correspon- 
ded LED. The signals can be amplified if there is a significant drop of 
voltage due to the distance of the wheels and the above independed circu- 
its from the vehicle's control panel where all the corresponded indicating 
Light Emission Diodes are positioned. 



35 



5. The device for indicating to the driver of a vehicle the abnormal and 
normal pneumatic tyre pressure during driving or stopping of the vehicle 
according to claims 1,2,3 and 4 is characterized by contacts of* special 
substances (ceramic, carbon, etc) which have electrical conducting proper- 
ties and they are hardly worn out. In this case ir.rr circuit is s ir.pl e, 



WO 92/13730 - PCT/GR92/0000, 

-20- 



indication of the main current is marked as abnormal press-ore. The nsir. 
current which is higher than the parasitic current flows in the circuit 
when the sensor (1) closes the circuit. A special relay in the circuit 
can be used in order to avoid activation of the LED by parasitic current. 
5 The relay in the circuit is adjusted to be activated only by a flowing 
current of a certain value in the range of the main current .and therefo- 
re it can close a separate circuit (105,106,107) with an electric lam? 
contacted to the vehicle's batter/. Th: relv can also.be suhstAtzcad by a different voltage 
ccnparaTor circuit (105,106,107) wiin coauaator (106) or a nicrcprccesscr. The L=B (5; 
10 can be driven by the comparator (106). 

9. The device for indicating to the driver of a vehicle tee abnormal and 
normal pneumatic tyre pressure during driving or stopping of tne vehicle 
according to the claims 1,2,3,4,5,6,7 and 8 is characterized by the infu- 
sible electrode pin (111)' which can substitute tne strip (2 or 3.< and tne 
15 metallic annulus (112) can substitute the strip (3 or 2). The surface of 
the annulus (112) is covered by a material which has a coefficien of secon- 
dary electrons emission of high value, as MaO, Ag.Pt etc, while the cross 
section of the annulus (112) can be of circular, parallelogram or triangu- 
lar form or a combination of them with their vertex close to the pin. in 
20 addition the pin can be covered by a small quantity of B-rays radioisotope. 
A current can flow, in the circuit only in the case of an abnormal pressure 
in .which the metallic annulus (112) is grounded to the rim of the wheel 
and through the axle to the chassis of the vehicle so there is an electric 
discharge between the electrodes (111,112) due to the applied high voltage 
25 and therefore there is a spark discharge coupling. The flowing current m 
the circuit can activate the LED (5) or an audio indicator. Therefore by 
the above method the parasitic current can be avoided and thesis a^si- 
gnificant reduce of the metallic strips size. The strips (56,57) or (53, 
59) can also be substituted by two infusible metallic pins and the strips 
30 (58,59) or (56,57) can be substituted by a metallic annulus whiea has the 
same characteristics with the annulus (112)Viue applied high voltage be- 
tween the electrodes (111,112) can be AC or DC voltage and in tnis case it 
can'be produced by high voltage generator (19,41,4.0,. 
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sensors. The displacement of a small piston ( witn a flange on its perime- 
ter pressed by a spring circumf erentially all tne way out) where the air 
pressure is balanced by a spring can be used as pressure sensor. Finally, 
some special materials of which their oniric resistance varies propcrtio- 
5 nally to tne applied air pressure could be used as the base for making- 
pressure sensors Principles of the above sensors are given in figures 5- 1 , 
5*2,5*3,>»4, * • • • , 5 • 19- 

7. The device for indicating to the driver of a vehicle the abnormal and 
10 normal pneumatic tyre pressure during driving or stopping of the vehicle 

according to the claims 1,2,3, 4., 5 and 6 is characterized by the strip(2) 
whicn has the form of a very thin circular metallic annulus embodied in 
the rubber of the lateral vertical side of the tyres in a small deptn 
from tne outside surface of the rubber (special manufacturing of tyres;. 

15 The thin layer of material which covers the strip (2) on the surface of 
the tyre must be of high dielectric constant while the rubber under the 
strip (2) must be of small dielectric constant if possible. The wire 
guard netting, which is embodied in the tyre rubber for strengthening the ty- 
re, can be substituted by a special plastic guard netting (Kevlar) in or- 

20 der to reduce the parasitic capacity between the strip (2) and the rim 
of the wheel. The metallic strip (3), which is a segment of a complete 
circular annulus of equal radius with strip (2), is placed (fixed) in a 
proper non-rotating part of the vehicle very close and parallel to the 
strip (2). The strips (2,3), which are in a hiding place of the vehicle, 

25 form a plane capacitor where in between the plates there is a thin insu- 
lating layer of high dielectric constant and a thin layer of air. 

8. The device for indicating to the driver of a vehicle the abnormal and 
normal pneumatic tyre pressure during driving or stopping of tne vehicle 

30 according to the claims 1,2, 3, A, 5, 6 and 7 is characterized by coils, which 
can be placed on the rotating wheel and non-rotating part of the vehicle, 
instead of the strips(2,3) or (50,51,52,53) or (56,57,58,59) so that tne 
capacity coupling of the strips can be substituted by the electromagnetic 
induction coupling of tne coils . and normal pressure can be shown by an 

35 analog cr digital micro amperometer . The abnormal and normal tyre pressure 
can be snown by an analog or digital microamperometer wnere the 
indication of parasitic currents is marked as normal pressure vr.ile the 
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2. The device for indicating to the driver of a vehicle the ab- 
normal and normal pneumatic tyre pressure during driving or 
stopping of the vehicle according to claim 1 , is characteri- 
zed by the rotating complete annulus metallic strip (2) which 

5 is placed on the insulated surface of the internal side of the 
drum brake and disk brake and the non- rotating annulus metal- 
lic strip (3) facing the strip (2) forms an air capacitor (2, 
3). A main alternating current flows in the circuit (1,2,3,105 
106,107,5) when the sensor (1) connects the strip (3) with the 

10 metallic frame of the wheel which is the earth of the circuit 
through the ballbearing (34). A thin layer of dielectric mate- 
rial of special composition and high dielectric constant is 
inserted in between the strips (2,3) to increase their capa- 
citance and therefore to increase the main current which acti- 

15 vates the LED (5) . The insulating material inserted in between 
the strips (2) and the metallic parts of the wheel and in be- 
tween the strip (3) and the chassis of the vehicle is of suf- 
ficient thickness and low dielectric constant to minimize the 
parasitic current which is due to the capacitive coupling be- 

20 tween the metallic strips (2,3) and the adjacent metallic fra- 
me of the wheel brake system and axle of the wheel. An automa- 
tical regulation of the resistor (9) can be implemented by a 
feed back electronic circuit which will control the current 
intensity flowing through the circuit. 

25 

3. The device for indicating to the driver of a vehicle the ab 
normal and normal pneumatic tyre pressure during driving or 
stopping of the vehicle according to the claims 1 and 2 is cha- 
racterized by two metallic complete annular strips, one in acorn 

30 piete cylindrical shape (50) and another of a plane complete 
annular shape (51 ) . Two similar annular strips (52) and (53) 
facing the above strips (50) and' (51) respectively form two 
air capacitors as a cylindrical capacitor (50,52) and a plane 
one (51 ,53) . 

35 An alternating way is that two concentric plane complete annu- 
lar strips (56) and (57) facing another two similar concentric 
plane complete annular strips (58) and (59) form two plane 
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AMENDED CLAIMS 

[received by the International Bureau on 13 July 1992 (13.07.92); 
original claims 1-9 replaced by the amended claims 1-8 (11* pages)] 

1. A device for indicating to the driver of a vehicle the abnor- 
mal and normal pneumatic tyre pressure during driving or stop- 
5 ping of the vehicle consists of a special system of metallic 
strips (56,58,57,59) or (50,52,51,53) placed on the rotating 
frame of the wheel as two complete circular annuli (56,57) on 
an insulated surface of the internal side of the drum brake or 
two complete annuli (50,51) on a proper place of the disk brake 
10 and on the non-rotating part as two complete circular annuli 
(58,59) facing the annuli (56,57) respectively or two annuli 
(52,53) facing the annuli (50,51) respectively forming two capa- 
citors (56,58) and (57,59) or (50,52) and (51,53), of a high fre- 
quency oscillator and a frequency divider (19), of an amplifier 
15 (42), of a set of properly tuned filters (41), of a LED (5), a 
loudspeaker ( 1 1 ) ; an analog or digital microamperometer (8) which 
can be activated by a circuit of two variable resistors (105,107) 
and a comparator (106), of a system of three stages such as a 
half wave rectifier, a voltage comparator and a monostable multi- 
20 vibrator (40), of a DC to DC converter (21) and finally the appa- 
ratus consists of a pressure gauge sensor <(1) to convert the va- 
riations of the tyre air pressure into displacements of a rubber layer 
which separates air-tightly the interior of the tyre chamber 
from the sensors's chamber (1) filled by an elastic sponge fo- 
25 amy material or a heavy compressed gas under the same pressure 
as the normal air tyre pressure or a spring, or some little el- 
astic balls and eventually in all the above cases the result is 
the displacement of a pin electrode (63,73,83,93) inside the 
chamber of the sensor (1) to connect electrically, as an on-off 
30 microswitch, the strips (56,57) of the capacitors (58,56) and 

(59 ,57) or the strips (50,51) of the capacitors (50,52) and (51, 
53) and using some special materials for pressure gauge sensors 
of which their ohmic resistance varies according to the applied 
air presurre, therefore the current which flows through the sys- 
35 tern of capacitors (56,58^(57,59) or (51 , 53),(50 , 52) is converted 
according to the tyre pressure and obtains a continuous indica- 
tion of the tyre pressure by a properly calibrated instrument (8) 
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else like electronic circuits, batteries and other parts which 
are sensitive and need often changes. 

According to the present invention, when the air tyre pressure 
exceeds the safety limits then the sensor (1) which operates as^ 
5 an electric switch connects strip (56) with strip (57) electi- 
cally so that an alternating current can flow in the circuit 
(58,56,1 ,57,59,40,41 ,19,20) which activates a light or sound in- 
dicator. The capacitance of the capacitors (56,58) and (57,59) 
is taking two different values which depend on the switch pres- 
10 sure gauge sensor (1) if it is open or closed. 

4. The device for indicating to the driver of a vehicle the ab- 
normal and normal pneumatic tyre pressure during driving or 

15 stopping of the vehicle according to the claims 1 , 2 and 

3 is characterized by the fact that the system of metallic strips 
forming two capacitors (56,58) and (57,59) takes two different 
values of capacitance, one value when the switch sensor (10 is 
closed and another one smaller than the first value when the 

20 switch sensor (1) is open. This system of metallic strips is 
used as a timing capacitor in an oscillator which produces^ a 
suitable frequency in each case (on-off ) . The high frequency 
oscillator and the frequency divider (19) produce square train 
which passes from . the stage (41) consisting of an amplifier (42) 

25 and properly tuned filters including a high-Q notch filter. 
This filter permits the fundamental frequency of the train to 
pass in order to convert the square train to a sinusoidal wa- 
ve form- The filter is designed in such a way so that one of 
the two frequencies falls outside the gap of the notch filter, 

30 while the second one which falls in the gap, passes with very 
high attenuation. The next three stages (40) consist of a half 
wave rectifier which converts the sinusoidal signal to the D.C. 
level, of a voltage comparator that gives an output of square 
train whenever the input signal falls below a certain level de- 

35 termined by a trimmer and of a monostable multivibrator which 
increases the amplitude of the pulses train of the comparator 
output by using a proper timing circuit and its output drives 
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capacitors (56,58) and (57,59) respectively. The operation ef- 
ficiency of the device increases with the area of the strips 
(56,58,57,59,50,52,51,53) and with the separation distance be- 
tween the capacitors (50,52) and (51,53) or (56,58) and (57,59). 
5 The position of these capacitors in the available empty space 
close to the brakes is properly chosen so that a parasitic capa- 
citive coupling between the plates (56) and (57), (58) and (59), 
(56) and (59), (57) and (58) and between the capacitors' plates 
and the adjacent metallic parts of the vehicle, is minimized. 
10 Therefore the strips are not very close to the adjacent metal- 
lic parts of the wheel, the distance between the plates of the 
capacitors must be as small as possible, the area of the plates 
must be as large as possible and the separation gap between the 
capacitors must not be very small. 
15 The complete circular annuli (56,57) are placed on the internal 
side of the drum brake and the complete annuli (50,51) are pla- 
ced on a proper position of the disk brake. The non-rotating 
complete circular annuli (58,59) facing the rotating annuli (56, 
57) respectively form two capacitors (56,58) and (57,59) and the 
2 0 non- rotating annuli (52,53) facing the rotating annuli (50,51) 
form two capacitors (50,52) and (51,53). A thin layer of dielec- 
tric material of special composition and high dielectric cons- 
tant is inserted in between the above capacitors'plates strips 
to increase their main capacitance and therefore to increase the 
25 main current which activates the LED(5) . A paste of high dielectric cons - 
tant is mixed with an epoxy resin and covers those surfaces of 
the capacitors^ plates which face each other. The insulating 
material, . inserted as a basis under the strips (56), (57) , (58) , 
(59),(50), (51 ), (52), (53) is of sufficient thickness and low 
30 dielectric constant to reduce the parasitic capacitance between 
these metallic strips and the adjacent matallic parts, brake 
system and axle of the wheel. A minimum thickness is not less 
than 2 mm and as thicker as better provided there is enough 
space. 

35 The pressure gauge sensor (1) and the rotating metallic comple- 
te annuli (56) , (57) , (50) , (51 ) are the only parts of the present 
device which are placed on the rotating wheel and nothing 
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the strips (56) and (57) must also be large. These gaps are 
filled by a material of very low dielectric constant like the 
air. The insulating materials (123) and (124) which are the 
base of the strips (58,59,56,57) have very small dielectric con- 
5 stant and sufficient thickness so that these strips must be in 
some distance from the adjacent metallic frame. 

Two D.c. power supplies of the same voltage are needed for the 
operation of the electronic circuit (19,42,41,40,5,59,57,1,56, 
58) of the device and in order to use only the vehicle's batte- 
10 ry (20) a D.C, to D .C converter (21) is used to supply the abo- 
ve circuit with the two necessary power supplies. The technolo- 
gy of VLSI is used to make an integrated circuit which contains 
the electronic parts (19,42,41,40) of the above circuit. 
A furthermore reduction of parasitic capacitances is achieved 
15 by using one integrated circuit for each tyre and placing the- 
se circuits on some suitable nonrotating positions of the ve- 
hicle close to each tyre. 

In order to control the air pressure of more than one tyres by 
only one oscillator and one amplifier, a sampling frequency re- 
20 gulator (122) 'and a sampler apparatus (121) are used so that 
all the wheels one after the other are controlled continuously 
many times per minute. 

Alternatively a separate independent circuit for each tyre can 
be used to reduce parasitic currents. Each one of these inde- 

25 pendent circuits can be placed in a non-rotating position 
close to each wheel so as to reduce parasitic currents. All 
the cables are not near the metallic frame of the vehicle 
and they are covered by a thick insulating material with very 
low dielectric constant so that their capacitance with the 

30 chassis ±s as small as possible. 

Any one of the independed circuits, when it is activated, pro- 
duces a signal which can be transferred to the vehicle's cont- 
rol panel through cables to activate its own corresponding LED. 
The signals will be amplified if there is a significant drop 

35 of voltage due to the long distance between the above inde- 
pendent circuits and the vehicle's control panel where all the 
corresponding indicating Light Emission Diodes are positioned. 
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a LED. In the above circuit using the two capacitors the alter- 
nating current does not flow through the ball bearing and the 
axle of the rotating wheel where there is an electrical resis- 
tance due to the lubricant in the ball bearing, in the case of 
5 a disk brake the metallic strips (56) and (57) are placed on the 
disk or on the metallic rim of the wheel in the available free 
space close to the brakes where an insulating material of low 
dielectric constant is inserted between the strips and the metal- 
lic brake disk or rim of the wheel. The non-rotating strips 
10 (58,59) are placed very close to the strips (56,57) on a steady 
part of the chassis which is isolated by a material of small 
dielectric constant. 

According to the characteristics of the system, that is main 
and parasitic capacities, type of cables and type of shielding, 

15 the range of frequencies depends on the operation alternating 
voltage, which is from 20V AC to 1000 V AC and the frequencies 
from 10kHz to 3 MHz. The above ranges are enlarged whenever it 
is necessary to achieve a sufficient operation of the device. 
There is a range of high frequency (kHz-MHz) where the parasi- 

20 tic currents are reduced significantly and this is due possibly 
to some characteristics of the surrounding metallic frame of 
the wheel which does not follow the fast changes of high fre- 
quency oscillations. 

An additional way to reduce the parasitic capacitance and in- 
25 crease the main current which flows through the capacitors <59 f 
57) and (58,56), when the pressure gauge sensor (1) closes the 
circuit (56,55, 1 ,54,57), is to apply to the strips (58), (59) 
two different or same high frequency (kHz^MHz) oscillations 
(126), (127) with common earth and different or same voltage* 
30 Two separate oscillations with common earth are also produced 
by (19) and compared with (40) so that the oscillation (126) 
which is applied to the strip (58) is of a different or same 
high frequency (kHz-MHz) of different or same waveform and of 
different or same amplitude than the oscillation (127) which 
35 is applied to the strip (59). The separation gap between the 
strips (58) and (59) must be large enough to reduce the para- 
sitic capacity coupling between these strips. The gap between 
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through the tube (69) with the interior of the tyre (23) . The 
curvature of the rubber layer (61) increases or decreases pro- 
portionally to the air tyre pressure and the magnitude of the 
displacement of the electrode's edge (63) to the points (66) 
5 depends on the area of the rubber layer surface. When the air 
pressure in the tyre is abnormal the end of the electrode (63) 
is able to press one of the contacts' points (66) of the sen- 
sitive microswitch (62j to connect electrically the strips (56, 
57) or (51,52) so * that a main alternative current flows in the 
10 circuit (1,57,59,5,19,41,40,58,56,1) to activate the LED ( 5 ) . 
The other edge of the electrode (63) is fastened on the middle 
point- of the rubber layer (61) and is connected with the steel 
wire (60). The position of the electrode's edge (63) depends 
on the air tyre pressure which is balanced by the elastic pro- 
15 perties of the rubber-spring sandwitch (61,60). The proper po- 
sition of the microswitch (62) is adjusted by the screw (67) 
or similar means from any convenient side of the pressure gau- 
ge (1) so that under normal tyre pressure the round edge of the 
electrode (63) is in the middle of the distance between the contact points (66) 
20 The elastic properties of many small balls made by material like 
rubber or the properties of a sponge foamy material filling up 
a small chamber (78) are used to devise another pressure sensor. 
The rubber layer (71) closes the chamber (78) so that it sepa- 
rates air-tightly the other side chamber which communicates 
25 with the interior of the tyre (23) . One edge of the electrode 
(73) is fastened on the middle point of the rubber layer (71) and 
the other edge of the electrode (73) is moving between the con- 
tact points (76) of the microswitch (72) .The screw (77) regulates 
the position of the microswitch (72) and the use of soft springs 
30 (70) supports the elastic properties of the sponge foamy material 
or small elastic balls. Also the elastic properties of a heavy com- 
pressed gas filling up a little volume (88) closed by a rubber' 
layer (81) are used to make another similar pressure gauge sensor (1). 
The electrode (83) is fastened on the middle point of the rub- 
35 ber layer (81) and the springs (80) support the elasticity of 
the rubber layer (81). The screw (87) controls the correct 
position of the microswitch (82) . 
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5. The device for indicating to the driver of a vehicle the ab- 
normal and normal pneumatic tyre pressure during driving or 
stopping of the vehicle according to claims 1,2,3 and 4 is cha- 
racterized by contacts of special subs tances ( stainless steel, 
5 steel alloy, steel cungsten, ceramic, carbon, etc) which have 
electrical conducting properties and they are hardly worn out. 
In this case the circuit is sinple, that is ; it consists of one 
pressure gauge sensor ( 1 ) , a contact system, an electric bulb and 
the vehicle's accumulator. The contact system consists of an el- 
10 ectrically isolated metallic ring, stainless steel band, which 
is placed on the wheel's rim and of the substance which is con- 
tinuously in contact with the metallic ring making electrical 
conduct between the rotating ring and non-rotating substance. 

The metallic ring is connected electrically through the sensor, 
15 to the rim of the wheel which is connected to the chassis of 

the vehicle through the wheels rotation axle. The vehicle's me- 
tallic chassis is connected with the negative~electrode of the 
accumulator while the positive electrode is connected through the 
electric bulb to the substance which makes contact to the me- 
20 tallic ring. A continuous indication of the tyre pressure is 
obtained by gauge sensors using some materials of which their 
ohmic resistance varies according to the applied pressure and 
the current flowing in the circuit activates a properly calibrated instrvament (8) 

25 6. The device for indicating to the driver of a vehicle the ab- - 
normal and normal pneumatic tyre pressure during driving or stop- 
ping of the vehicle according to the claims 1,2,3,4 and 5 is 
characterized by various pressure gauge sensors which are ba- 
sed on different operation principles as the elastic properties 

30 of a rubber layer or a metallic membrane (61,71,81) closing air- 
tightly the sensor's small chamber which is filled up either by 
many small elastic balls or an elastic sponge foamy material 
(78) or by a heavy gas (88) compressed under the same pressure 
as the normal air tyre pressure. The springs (60,70,80) are 

35 used to reinforce the elastisity of the rubber layers (61 ,71,81) 
the heavy gas (88) and the elastic balls or the sponge foamy 
material ( 78) . Durable rubber layers of certain thickness (61), 
containing internally a thin curved zig-zag steel wire (60) in 
a sandwitch closed air-tightly volume (68) which comunicates 
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the points (96) depends on the position of the electrode edge 
(93) - Finally, some special materials of which their ohmic re- 
sistance varies proportionally to the applied air pressure are 
used as the base for making pressure sensors. 

5 

7. The device for indicating to the driver of a vehicle the ab- 
normal and normal pneumatic tyre pressure during driving or stop 
ping of the vehicle according to the claims 1,2,3,4/5 and 6 
is characterized by a different voltage comparator circuit (105, 

10 106,107) with a comparator (106) or a microprocessor which are 
used in order to avoid activation of the LED (5) by parasitic 
currents. The LED (5) which is driven by the comparator (106) 
is activated only by the main current. The third isolated me- 
tallic strip (4) is connected with a middle point of the coil 

15 (14) which is different than the final turn that is connected 
to the resistors' (9,21). The LED (5) is activated by using the 
electronic circuit of comparator (106) . Attention must be^paid 
to the coil winding (14) so as to limit the high number of 
turns which are not very close to each other to avoid an elec- 

20trical breakdown of the insulating material covering the wire. 
The end of the coil (14) is connected with the ground (10) 
through a diode or a resistor or a capacitor. - 
The rotating strips (2) or (50,51) or (56,57) are replaced by 
one or more rotating coils of thin wire in a spiral plane form 

25and the non-rotating strips (3) or (52,53) or (58,59) are re- 
placed by one or more non-rotating coils of the same spiral pla- 
ne shape. One end of the wire of the rotating coil is connect- 
ed with any one of the terminals (64,74,84,94) of the sensor 
(1) and the other end of the wire of the rotating coil is con- 

30 nected with any one of the other terminals (65,75,85,95) of the 
same sensor (1). The alternating current which flows in the non 
rotating coil is reduced when the ends of the rotating coil 
are shorted out by the sensor (1) in case of abnormal tyre pres- 
sure. The reduction of the current depends on the number and 
35 ratio of turns of the rotating and non- rotating coils, on the 
frequency of the applied voltage, on the separation distance 
between the rotating and non-rotating coils and on the magne- 
tic properties of the coils' cores. 
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All the types of the above described pressure gauge sensors are 
applied either on sane air inlet valves which are fixed externally 
on the metallic rims (36) of the wheels or they are placed on 
the internal side of the metallic rims (36) . 

5 Another type of a sensor which is fixed on the internal surface 
of the wheel's metallic rim (36) consists of a small chamber 
(98) which is closed around by walls (90,91, 103) made either 
by rubber or by very thin metallic layers which form folding 
of wavy shape as bellows. One edge of the electrode (93) is fas- 
10 tened on the wall (90) and the other edge moves between the con- 
tact points (96) of the microswitch (92). Only the wall (103) 
is fixed steady on the internal walls of the metallic box (104, 
109) while the wall (90) moves freely along the axis which is 
parallel to the cylindrical wall (91). The base (109) of the 

15 metallic box (104,109) is fixed steadily on the internal side 
of the wheel's rim (36) and the interior of the tyre (23) com- 
municates with the interior of the box (104,109) through the 
opening (108) of the wall (104). The chamber (98) is filled 
up either permanently by a heavy gas with same pressure as 

20 the normal tyre pressure or by air through the inlet valve (99) 
which is fixed on the wall (103) and comes out through the rim- 
(36). The inlet valve (99) is useful for calibration purposes 
instead of screw (97) , to adjust the correct position of elec- 
trode edge (93) between the contact points (96) . Provided the 

25 air pressure in the tyre is normal, then a pressurized air is 
admitted in the chamber (98) until the electrode edge (93) , 
which is moving away from the contact points ( 96 ), reaches the 
middle point of the distance between the contact points (96). 
The average value of the two air pressures in the chamber (98) 

30 when the LED (5) turns on-off-on gives an indication of the 
correct position of the electrode edge (93). In order to ob- 
tain a continous indication of the air tyre pressure the elec- 
trode edge (93) is rotated by an attached small metallic wheel 
or slips with very small friction on a special material with 

35 high electrical resistance along its moving distance so that 
there is a continous electrical contact between the electrode 
(93) and this material.. The electrical resistance between 
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Especially the cores of the coils should be very close to each 
other so that the rotating core almost touches the non-rotating 
core. The voltage reduction in the non-rotating coil is detect- 
ed by a voltage comparator circuit (105,106,107). 

5 

8. The device for indicating to the driver of a vehicle the ab- 
normal and the normal pneumatic tyre pressure driving or stop- 
ping of the vehicle according to the claims 1,2,3,4,5,6 and 
7 is characterized by the infusible electrode pin (111) which 

10 substitutes the strip (2) or (3) and the complete metallic an- 
nulus (112) which substitutes the strip (3) or (2). The surface 
of the annulus (112) is covered by a material which has a se- 
condary electrons emission coefficient of high value, as MaO, 
Ag,Pt etc, while the cross section of the annulus (112) can be 

15 of circular, parallelogram or triangular shape or a combination 
of them with their vertex close to the pin (111). "In addition 
the pin is covered by a small quantity of of 3-rays radioisoto- 
pe. A current can flow in the circuit only in the case of an ab- 
normal pressure in which the metallic annulus (112) is grounded 

20 to the rim of the wheel and through the axle to the chassis of 
the vehicle so there is an electric discharge between the elec- 
trodes (111,112) due to the applied high voltage and therefore 
there is a spark discharge coupling. The flowing current-in 
the circuit activates the LED (5) or an audio indicator. There- 

25 fore by the above method the parasitic current is avoided and 
there is a significant reduce of the metallic strips size. The 
strips (56,57) or (58,59) can also be substituted by two in- 
fusible metallic pins and the strips (58,59) or (56,57) can be 
substituted by a metallic annulus which has the same characte- 

30 ristics whith the annulus (112). The applied high voltage be- 
tween the electrodes (111,112) can be AC or DC voltage and in 
this case it can be produced by high voltage generator (19, 
41,40) . 
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